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LONG-TERM GOAL

Our long-term goal is to be able to predict the propagating conditions for an electromagnetic signal in
the lower part of the marine atmospheric boundary layer (LP MABL). The light scattering and
attenuation is strongly affected by the atmospheric aerosol. The latter, in its turn, is strongly dependent
on the air humidity, wind, atmospheric turbulence, etc. The relationship between the environmental
factors and the aerosol optical properties is quite complicated. This makes the aerosol the least certain
component in prediction models of the light transmittance in LP MABL. The essence of our
investigation is to develop reliable methods for determining the aerosol macro- and microphysical
characteristics in LP MABL.

OBJECTIVE

The present work is concentrated on studying the aerosol spatial and temporal structure in LP MABL
with the use of the database of the unique complex Hawaii experiment SEAS (Shoreline Environment
Aerosol Study) [1]. By performing a simultaneous analysis of SEAS lidar and nephelometer
observations, direct measurements of the aerosol particle size distribution (APSD), and environmental
data, and by interpreting the results in terms of the aerosol optical properties, we seek a thorough
understanding of the radiative transmittance in LP MABL.

APPROACH

Our approach to the problem was to examine offshore aerosol fields at Hawaii by analyzing and
inverting horizontal lidar data and by invoking other SEAS experimental data as a constraint in the
inverse problem. The inversion of lidar data into APSD is a substantially incorrect problem. The




inversion method of mean ordinates [2,3] deals just with such problems. The method proved its
efficiency in our numerical experiments and in the analysis of Hawaii horizontal lidar data [4]. The
method, however, was developed for all kinds of marine aerosols, with regard to all possible
combinations of aerosol components. This inevitably expanded the parameter intervals of the sought-
for solution, thus increasing the error of the most probable solution. When dealing with a specific case,
it becomes unnecessary to include into consideration such wide a variety of aerosols. Low-probability
solutions can be filtered out by employing additional information on aerosol in LP MABL. It is
noteworthy that there is no need for APSD data to cover the whole particle size interval. It is sufficient
to have information for the so-called “optically active” interval [2]. It should be also pointed out that
when using a constraint on lidar data, the most probable solution may be not as smooth as when using
lidar measurements alone.

TASK COMPLETED

We estimated the potentials of the method of mean ordinates combined with an APSD constraint. The
work started with a series of numerical experiments. We considered two particle size intervals: 0.1 -
0.5 and 0.1 — 1.0 um. The experimental error of APSD was set at 100%, 50%, 30%, and 20%. The
procedure was as follows. We constructed an ensemble of aerosol models satisfying the lidar- derived
attenuation and backscatter. They were considered to be acceptable solutions to the inverse problem.
Of these, we chose the models that met the APSD data on a given particle size interval. The model
whose ordinates were closest to the mean over this reduced ensemble was designated as the most
probable solution. We applied this approach to two two-lidar measurement schemes: (0.55; 10.591) um
and (0.532; 1.064) um. The latter was consistent with that in the SEAS experiment. We found out that
APSD data measured with an error of 100% introduced virtually no improvement into the inversion
efficiency. However, an APSD of an accuracy of 50% improved the inversion results by a factor of
two.

Fig. 1 shows the retrieval accuracy of APSD from horizontal lidar data for large particles (the “tail” of
the particle size distribution) as a function of the experimental error of the constraint. It is seen that the
improvement of constraint accuracy beyond 50% only slightly reduces the inversion error. Itis
noteworthy that the width of the particle size interval for which the constraint data were available is of
no practical importance. The constraint for the 0.1 — 0.5 and 0.1 — 1.0 pm intervals has about the same
effect. The essential point is for the interval to include a part of the so-called “optically active” range.
We mean the range having a major optical effect at a given spectral band. In our case, the optically
active particle size interval occurred between 0.22 and 3.0 um [2].

The employment of an APSD constraint proved to be particularly effective when dealing with non-
smooth solutions, most notably for those whose aerosol components appeared as isolated peaks. For
such cases, the use of the method of mean ordinates without a constraint could obtain only the general
slope of a distribution, and only slightly outline the position of the peaks. We showed earlier [4] that
the result could be improved significantly by using an additional pair of lidars at intermediate
wavelengths. It turned out that a similar improvement could be achieved by using an APSD constraint
of a 70% accuracy. Even when the constraint error is 100%, the ensemble of acceptable solutions
narrows significantly as compared with that without constraint. As the experimental error of the
constraint decreases, the position of the peaks becomes distinct, as well as their respective heights.
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Fig. 1. The error of the retrieval of the APSD “tail” in relation to the error of the constraint
(numerical experiments). 1,2, two lidars at 0.55 and 10.591 um; 3,4, two lidars at 0.532 and 1.064
um; 1,3, APSD constraint for the 0.1-0.5 um particle size interval; 2,4, APSD constraint for the

0.1-1.0 um particle size interval [A constraint in a form of APSD of 50% accuracy improves the

inversion accu

racy by a factor of two].
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Fig.2. The inversion of the aerosol spectral attenuation into APSD without a constraint. 1,
experimental APSD by OPC; 2, experimental APSD by APS; 3, inversion results; 4, minimal
ordinates of the ensemble of acceptable solutions; 5, maximum ordinates of the ensemble of

acceptable solutions [The inversion results are in a general agreement with the experimental data].

At present we are testing and improving the method of mean ordinates by using the SEAS experimental data.
We considered the experimental data for 19h52m, April 22, 2000 [5]. We inverted the aerosol attenuation at A, =
0.532 pm. For the aerosol attenuation, we used ¢ = 0.056 km™ nephelometer observations (It was not critical for
our purposes which 6 to use: lidar or nephelometer-derived one, because the SEAS participants found the
agreement between both data sets satisfactory).



The inversion of & into APSD was performed by the method of mean ordinates. The set of initial
models was similar to that constructed in [4]. The experimental error of 6 was +5%. The inversion
results are shown on Fig. 2. Curve 3 is the most probable APSD. Curves 4 and 5 represent respectively
the minimal and maximum ordinates of APSDs satisfying the value of 6. On the same figure are
shown the results of direct APSD measurements that were performed simultaneously with the lidar and
nephelometer observations on shore near the lidar site. Curve 1 represents the APSD measured by an
optical particle counter (OPC). Curve 2 shows the APSD measured by an aerodynamical particle sizer
(APS). It is seen that the inversion results reflect the general shape of APSD as it is outlined by the
direct measurements. True, the experimental data are more detailed than the APSD by inversion. Thus,
the mode of small particles at 0.2 um is lacking, although the mode at 1 pm is evident. The mode at 10
pm and beyond is also noticeable. However, in view of the fact that there is a certain difference
between the data sets 1 and 2, it is hard to tell which of the experimental details reflect the reality
rather than an experimental error.
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Fig.3. Inversion results with the use of an APSD constraint. 1, the lower limit of constraint at — 50%
of the smoothed OPC-derived APSD; 2, the upper limit of constaint at 50% of the smoothed OPC-
derived APSD; 3, inversion results with the constraint; 4, inversion results without constraint; 5,
experimental APSD by OPC; 6, experimental APSD by APS; 7, minimal ordinates of the ensemble

of acceptable solutions; 8, maximum ordinates of the ensemble of acceptable solutions [With the
use of the APSD constraint, the inversion results improved noticeably].

Although the most probable solution is quite consistent with the measured APSD, the area of
acceptable solutions (bounded by curves 4 and 5) is rather wide. It comes as no surprise, considering
the fact that the inversion was performed with a single value of the aerosol spectral attenuation. We
examined how the use of a constraint in a form of APSD on some limited particle size interval can
narrow the area of acceptable solutions and thus to reduce the inversion error (see Fig. 3). We used the
OPC data for the 0.7 — 3.5 um particle size interval. The direct data were smoothed. The upper and
lower limits of the constraint were taken respectively at  50% of the smoothed curve. The limiting
curves are marked 1 and 2 on Fig. 3. The most probable solution with the constraint is represented by
curve 3. For comparison the solution without constraint is shown by curve 6. It is seen that curve 3
better approximates the area of small-sized particles at 0.1 - 0.2 um than the solution without




constraint. The second mode at 1 um is also revealed more vividly, although the peak is significantly
wider than the same portion of APSD as measured by OPC. It is of particular optical importance that
the mode of large particles at 10 — 15 pm manifests itself quite clearly.

RESULTS

We tested the method of mean ordinates by inverting the SEAS data for the aerosol spectral attenuation
and comparing the inversion results with direct SEAS observations over APSD. The coincidence
proved to be satisfactory. An APSD constraint was imposed on the inverse problem. The inversion
error was reduced by a factor of two with a constraint of 50% accuracy. The employment of the
constraint resulted in revealing a number of APSD details in the area of smaller and very large
particles. We have proved that aerosol spatial inhomogeneities can be determined by analyzing the
temporal structure of the backscattered lidar signal.

IMPACT/APPLICATION

In the process of analyzing the SEAS horizontal lidar data, we developed a method for retrieving the
spatial aerosol structure in LP MABL from the backscattered lidar data [6]. The method is less
cumbersome and costly than those now in common use.

TRANSITIONS

Our method of studying the aerosol structure in LP MABL is used by Dr. V.1. Haltrin, Naval Research
Laboratory, Ocean Sciences Branch; Dr. Helena Gonzales-Jorge, La Laguna University, Tenerife,
Spain; Dr. A. Consortini, University of Florence, Italy; Dr. A. A. Gitelson, University of Nebraska; Dr.
A.D. Fedorowskii, Marine Hydrophysical Institute, Ac. Sci. of Ukraine; Dr. J. Lenoble, Grenoble
University, France; Dr. O.V. Kopelevich, Institute of Oceanology of the Russian Academy of
Sciences.

RELATED PROJECTS

Our method of mean ordinates is being used in our NASA-funded project “The Refinement of the
Atmospheric Correction Algorithm for Determining the Marine Chlorophyll Concentration from
Space”.
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